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BASIN/SEGMENT  INFORMATION 

Appendix  I  contains  31  drainage  basin  summaries  which  appear  in  alphabetical 
order  by  basin  name.  Each  summary  contains  a  basin  map  and  a  listing  of  the 
specific  river  or  marine  water  segments.  Each  segment  has  7  specific  elements 
defined  below: 

1.)  Wa t e r body  Name :  Specific  river  or  marine  water  name.  Waterbody 
names  are  followed  by  its  individual  identification  system  codes . 

2.)  Waterbody  Segment  Description;  A  description  of  the  specific  river 
or  marine  water  segment.  The  description  is  prefaced  by  the 
individual  Waterbody  System  identifier. 

3.)  Size;  Total  size  of  an  individual  river  segment  in  linear  miles 
(mi),  or  marine  water  in  square  miles  (mi  ).  A  "*"  next  to  a  size 
indicates  a  gross  estimate  in  size  and  should  be  used  accordingly. 

4.)  Class;  Water  use  classification.  Freshwater  rivers  are  classified 
A,  B,  or  C,  and  are  further  divided  into  cold  water  fishery  (CWF)  or 
warm  water  fishery  (WWF) .  Coastal  and  marine  waters  are  classified 
SA,  SB,  or  SC.  See  the  Massachusetts  Surface  Water  Quality 
Standards  (314  CMR  4.00)  for  the  further  criteria  and  definitions. 

5.)  Status:  An  indication  of  an  individual  segments  level  of  designated 
use  support.   Specific  codes  are  listed  below: 

S     =     All  designated  uses  supported. 

S/T   =     All  designated  uses  supported,  one  or  more  uses 

threatened. 
PS    =     Partially  supporting  one  or  more  designated  uses. 
NS    =     Not  supporting  one  or  more  designated  uses. 
NA    =     Not  assessed. 

6.)  Causes:  Those  parameters  which  cause  non-attainment  of  designated 
uses. 

7.)  Sources :  Sources  of  non-attainment  of  designated  uses  (i.e., 
wastewater  discharges  or  anthropogenic  inputs) 

Note:  Causes  and  sources  of  non-attainment  are  listed  for  each  segment. 
The  irregular  spacing  is  an  artifact  of  data  processing  and  does  not 
indicate  a  link  between  an  individual  cause  and  source. 

All  the  information  in  this  report  was  generated  in  fulfillment  of  the  State's 
requirement  under  section  305(b)  of  The  Federal  Clean  Water  Act.  It  is  not 
intended,  and  therefore  may  not  be  valid,  for  other  purposes.  It  does  not 
establish  or  affect  legal  rights  or  obligations.  It  does  not  establish  a  binding 
norm  and  it  is  not  determinative  of  the  issues  addressed.  The  Department  of 
Environmental  Protection's  decisions  in  any  particular  regulatory  action  will  be 
made  by  applying  the  law  and  regulations  on  the  basis  of  specific  facts  when 
permits  or  certifications  are  issued. 
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Figure  3      BLACKSTONE  RIVER  BASIN    (51) 


BASIN      LOCATION 
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Figure  9 
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Figure  10 
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Figure  13 


FARMINGTON  RIVER  BASIN 


8  AS  IN      LOCATION 


Full    Support 
Partial    Support 
Non-  Support 
Basin    Boundary 


MILES 
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Figure  16 
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Figure  18      ISLANDS  COASTAL 

DRAINAGE  AREA  (97) 
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Figure  25      NEPONSET  RIVER  BASIN  and 
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Figure  29     SHAWSHEEN  RIVER  BASIN    (83) 
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Figure  30 
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DRAINAGE  AREA 


LEGEND 

^*%^     Full    Support 

Partial   Support 

Non-Support 

Baain   Boundary 
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Figure  31   TAUNTON  RIVER  BASIN  (62) 


BASIN     LOCATION 


mua 


LEGEND 
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Figure    32 
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Figure  34    WEYMOUTH  AND  WEIR  RIVER  BASINS 

AND  COASTAL  DRAINAGE  AREA  (74) 
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APPENDIX  II 
MASSACHUSETTS  LAKE  CLASSIFICATION  PROGRAM 


In  accordance  with  Public  Law  95-217,  Section  314  (the  "Clean  Lakes"  section  of 
the  1977  Amendments  to  the  Federal  Water  Pollution  Control  Act),  the 
Massachusetts  Division  of  Water  Pollution  Control  developed  a  lake  classification 
program  based  upon  the  trophic  condition  of  all  publicly  owned  freshwater  lakes 
and  ponds  in  the  Commonwealth. 

The  Massachusetts  Clean  Lakes  and  Great  Ponds  Program  was  created  under  Chapter 
628  of  the  Acts  of  1981.  An  integral  part  of  that  program  is  the  prioritization 
of  publicly  owned  lakes  and  ponds  for  the  purpose  of  providing  financial 
assistance  to  municipalities  for  diagnostic-feasibility  studies  and 
implementation  projects.  The  prioritization  process  is  composed  of  several 
elements,  one  of  which  is  the  trophic  status  of  lakes  and  ponds.  The  Division 
utilizes  the  Lake  Classification  Program  as  the  basis  for  awarding  priority 
points  in  the  trophic  status  category. 

A  lake  or  pond  is  classified  according  to  the  system  described  in  this  report. 
The  first  step  in  this  process  is  a  baseline  limnological  survey  of  the  lake  or 
pond.  This  survey  is  generally  conducted  in  one  day  and  consists  of  bathymetric 
mapping  of  the  lake;  physical,  chemical  and  biological  sampling  of  the  open  water 
areas,  tributary  stream(s),  and  outlet;  and  a  quantitative  and  qualitative 
mapping  of  the  aquatic  macrophyton  community  in  the  lake.  The  primary  purpose 
of  this  survey  is  to  classify  the  lake  by  its  trophic  status  and  identify  any 
point  and  nonpoint  sources  of  pollution.  To  date  the  Division  has  conducted  545 
baseline  surveys  on  waterbodies  throughout  the  state. 

Although  a  host  of  physical,  chemical,  and  biological  parameters  are  measured 
during  the  normal  lake  survey,  only  six  critical  parameters  are  employed  in  the 
lake  classification  priority  system.  The  six  parameters  are  hypolimnetic 
dissolved  oxygen,  secchi  disc  reading,  phytoplankton  count,  total  ammonia  and 
nitrate-nitrogen,  total  phosphorus,  and  aquatic  macrophyton.  The  most  recent 
survey  data  are  used  and  the  priority  listing  is  updated  annually.  The  optimum 
season  for  collecting  lake  data  is  mid  to  late  summer,  or  during  peak  biological 
production.  Unfortunately,  this  cannot  always  be  achieved,  thus  spring  or 
autumnal  data  are  occasionally  used  in  the  lake  classification  system. 

The  limits  used  for  awarding  severity  points  for  the  six  parameters  have  been 
based  on  several  considerations  and  information  sources.  These  include  lake 
classifications  of  other  states,  the  natural  range  of  parameters  in 
Massachusetts,  limnological  texts,  and  accepted  indices  of  eutrophication 
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reported  in  the  literature.   The  severity  point  system  has  been  formulated  as 
follows: 


PARAMETER 


CONCENTRATION  OR 
DEGREE  OF  SEVERITY 


POINTS 


Hypolimnetic  dissolved 
oxygen 


>5.0  mg/1 
<5. 0-3.0  mg/1 
<3. 0-1.0  mg/1 
<1.0  mg/1 


0 
1 
2 
3 


Transparency  (secchi 
disc  reading)* 


>15  feet  (4.5  meters) 
<15-10  feet  (4.5-3.0  meters) 
<10-4  feet  (3.0-1.2  meters) 
<4  feet  (1.2  meters) 


0 
1 
2 
3 


Phytoplankton 


Epilimnetic  NH3  +  NO-^-N 


Epilimnetic  total 
phosphorus 


Aquatic  Vegetation 


0-500  cells/ml 
<500-1000  cells/ml 
<1000-1500  cells/ml 
<1500  cells/ml  or  summer  "blooms' 

0-<0.15  mg/1 
>0. 15-0.3  mg/1 
>0.3-0.5  mg/1 
>0.5  mg/1 

0-0.01  mg/1 
>0. 01-0. 05  mg/1 
>0. 05-0. 10  mg/1 
>0.10  mg/1 

Sparse 
Medium 
Dense 
Very  Dense 


0 
1 
2 
3 

0 
1 
2 
3 

0 

1 
2 
3 

0 
1 
2 
3 


It  is  expected  that  chlorophyll  a  data  will  soon  augment  or  replace  the 
phytoplankton  data  as  they  become  part  of  the  routine  lake  survey.  The  severity 
points  may  be  interpreted  as  follows: 

0  =  No  problem  -  considered  to  be  representative  of  clean  water  quality. 

1  =  Slight  problem  -  borderline  case  considered  to  be  potentially  degrading. 

2  =  Definite  problem  -  considered  unacceptable  for  lake  water  quality. 

3  =  Severe  problem  -  undoubtedly  causing  degradation  of  the  lake's  water 

quality  or  some  recreational  uses. 


*  Four  feet  is  the  minimum  allowable  transparency  at  bathing  beaches,  as 
stated  in  Article  VII  of  the  State  Sanitary  Code. 
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LISTING  OF  CLASSIFIED  LAKES  AND  PONDS 
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TABLE  1 .   List  of  ponds  on  Palis1  database  with  an  in-lake  surface  pH  of  4.5  or  less 
measured  on  at  least  one  sampling  occasion. 


PALIS 
NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
<ma/l> 

pH 
( Standard 
Units ) 

95173 

White  Island  Pond 

Plymouth 

06/14/77 

*** 

2.9 

35072 

Ruggles  Pond 

Wendell 

07/11/84 

1.0 

4.1 

62030 

Cain  Pond 

Taunton 

06/22/87 

3.0 

4.1 

62114 

Memorial  Park  Pond 

Taunton 

06/22/83 

*** 

4.1 

96179 

Long  Pond 

Wellfleet 

07/28/80 

*** 

4.1 

36025 

Browning  Pond 

Oakham/Spencer 

08/19/87 

1.0 

4.4 

94176 

Gallows  Pond 

Plymouth 

06/26/84 

2.0 

4.4 

96035 

Clapps  Pond 

Provincetown 

07/28/80 

*** 

4.4 

34005 

Arcadia  Lake 

Belchertown 

08/31/78 

0.0 

4.5 

95092 

Little  Sandy  Pond 

Plymouth 

07/29/87 

3.0 

4.5 

96101 

Fresh  Pond 

Dennis 

07/31/80 

0.0 

4.5 

97096 

Tom  Nevers  Pond 

Nantucket 

09/20/78 

0.0 

4.5 

***  Missing  data 

Ponds  and  Lakes  Information  System 


TABLE  2 .  List  of  ponds  on  PALIS  database  with  an  in-lake  surface  total  alkalinity 
value  of  2.0  mg/1  or  less  measured  on  at  least  one  occasion. 


PALIS 
NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
lmQ/1) 

PH 
( Standard 
Units) 

34005 

Arcadia  Lake 

Belcher town 

08/31/78 

0.0 

4.5 

96101 

Fresh  Pond 

Dennis 

07/31/80 

0.0 

4.5 

97096 

Tom  Nevers  Pond 

Nantucket 

09/20/78 

0.0 

4.5 

95148 

Tinkham  Pond 

Mattapoisett 

08/28/80 

0.0 

4.7 

97053 

Maxcy  Pond 

Nantucket 

09/18/78 

0.5 

4.6 

35072 

Ruggles  Pond 

Wendell 

07/11/84 

1.0 

4.1 

36025 

Browning  Pond 

Oakham/Spencer 

08/19/87 

1.0 

4.4 

95151 

Turner  Pond 

New  Bedford 

06/25/80 

1.0 

4.6 

96090 

Flax  Pond 

Dennis 

07/31/80 

1.0 

4.8 

35057 

Partridgeville  Pond 

Temple ton 

09/11/79 

1.0 

4.9 

97028 

Gibbs  Pond 

Nantucket 

09/20/78 

1.0 

5.2 

81035 

East  Waushacum  Pond 

Sterling 

08/20/80 

1.0 

6.2 

94096 

Maguan  Pond 

Hanson 

08/31/82 

1.0 

6.2 

96285 

Shallow  Pond 

Barnstable 

08/03/83 

1.5 

4.8 

94176 

Gallows  Pond 

Plymouth 

06/26/84 

2.0 

4.4 

35086 

Sunset  Lake 

Ashburnham 

08/27/79 

2.0 

5.1 

35095 

Watatic  Pond 

Ashburnham 

08/28/79 

2.0 

5.1 

35104 

Wright ' s  Reservoir 

Gardner/ 
Westminster 

09/14/87 

2.0 

4.9 

95123 

Round  Pond 

Plymouth 

06/28/84 

2.0 

5.5 

81161 

Wyman  Pond 

Westminster 

10/15/80 

2.0 

5.7 

74007 

Cranberry  Pond 

Braintree 

08/31/81 

2.0 

5.8 

62131 

Lake  Nippenicket 

Bridgewater 

07/23/75 

2.0 

5.8 

35041 

Lower  Naukeag  Lake 

Ashburnham 

08/27/79 

2.0 

5.8 

36132 

Queen  Lake 

Phillipston 

05/20/79 

2.0 

5.9 

95166 

White  Island  Pond 
(East) 

Plymouth 

07/28/77 

2.0 

6.1 

96140 

Hinckleys  Pond 

Harwich 

07/30/80 

2.0 

6.4 

81127 

Snows  Millpond 

Fitchburg 

09/01/81 

2.0 

7.3 

72039 

Farm  Pond 

Sherborn 

07/21/83 

2.0 

*** 

***  Missing  data 


TABLE  3  ♦  List  of  ponds  on  PALIS  database  with  an  in-lake  total  alkalinity  value 
greater  than  2.0  mg/1  and  less  than  6.0  mg/1  measured  on  at  least  one 
occasion. 


PALIS 

NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
fma/l> 

pH 
( Standard 
Units) 

62030 

Cain  Pond 

Taunton 

06/22/87 

3.0 

4.1 

95092 

Little  Sandy  Pond 

Plymouth 

07/29/87 

3.0 

4.5 

81157 

Winnekeag  Lake 

Ashburnham 

09/29/80 

3.0 

4.7 

34035 

Lake  Holland 

Belchertown 

08/31/78 

3.0 

5.1 

95051 

Ezekiel  Pond 

Plymouth 

07/29/87 

3.0 

5.2 

81073 

Long  Pond 

Ayer 

07/16/84 

3.0 

5.3 

62187 

Terry  Brook  Pond 

Freetown 

08/30/83 

3.0 

5.5 

94097 

Mare  Pond 

Plymouth 

07/13/82 

3.0 

5.8 

97085 

Seths  Pond 

West  Tisbury 

12/14/76 

3.0 

5.9 

35035 

Laurel  Lake 

Erving 

09/18/79 

3.0 

6.0 

62162 

Robbins  Pond 

East 
Bridgewater 

07/24/75 

3.0 

6.0 

33018 

Sherman  Reservoir 

Monroe /Rowe 

07/19/88 

3.0 

6.1 

96123 

Gull  Pond 

wellfleet 

07/28/80 

3.0 

6.1 

96061 

Depot  Pond 

Eastham 

07/29/80 

3.0 

6.2 

96253 

Queen  s ewe 11  Pond 

Bourne 

08/14/80 

3.0 

6.2 

36053 

Dimmock  Pond 

Springfield 

07/11/78 

3.0 

6.4 

96329 

village  Pond 

Truro 

07/28/80 

3.0 

6.5 

95173 

White  Island  Pond 
(West) 

Plymouth 

08/11/76 

3.0 

6.5 

62103 

Leach  Pond 

Easton 

06/05/84 

4.0 

4.7 

35015 

Davenport  Pond 

Petersham 

08/11/82 

4.0 

4.8 

35047 

Lake  Monomonac 

winchendon 

03/09/76 

4.0 

4.9 

94015 

Bloody  Pond 

Plymouth 

06/26/84 

4.0 

5.4 

35017 

Lake  Denison 

Winchendon 

07/11/84 

4.0 

5.7 

36012 

Bemis  Road  Pond 

Hubbardston 

07/02/79 

4.0 

5.9 

35094 

Ward  Pond 

Ashburnham 

08/28/79 

4.0 

5.9 

35048 

Moore s  Pond 

Warwick 

07/01/87 

4.0 

6.1 

95112 

New  Long  Pond 

Plymouth 

06/28/84 

4.0 

6.1 

36172 

Camp  Putnam  Pond 

New  Braintree 

06/09/76 

4.0 

6.2 

TABLE  3.   CONTINUED 


PALIS 

NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
lma/1) 

pH 
( Standard 
Units ) 

81084 

Mirror  Lake 

Fitchburg 

07/26/79 

4.0 

6.2 

42047 

Robinson  Pond 

Oxford 

06/21/76 

4.0 

6.2 

35081 

South  Spectacle  Pond 

New  Salem 

08/30/79 

4.0 

6.2 

96333 

Weguaguet  Lake 

Barnstable 

08/11/80 

4.0 

6.2 

35053 

Packard  Pond 

Orange 

09/20/79 

4.0 

6.3 

96293 

Shubael  Pond 

Barnstable 

08/12/80 

4.0 

6.3 

96008 

Baker  Pond 

Orleans 

07/30/80 

4.0 

6.4 

96289 

Sheep  Pond 

Brewster 

08/30/80 

4.0 

6.5 

35101 

Whitney  Pond 

Winchendon 

06/17/87 

4.0 

6.6 

81051 

Greenes  Pond 

Fitchburg 

07/18/79 

4.0 

6.6 

32061 

Russell  Pond 

Russell 

06/22/78 

4.0 

6.6 

35082 

Sportsmans  Pond 

Athol 

08/09/79 

4.0 

6.6 

96087 

Flax  Pond 

Bourne 

08/14/80 

4.0 

6.7 

82118 

White  Pond 

Concord 

06/07/79 

4.0 

6.7 

72140 

Lake  Winthrop 

Holliston 

07/24/79 

4.0 

6.8 

96194 

Mashpee  &  Wakeby 
Ponds 

Mashpee 

08/12/80 

4.0 

6.8 

35070 

Lake  Rohunta 

Athol 

08/04/81 

4.0 

6.9 

34103 

Lake  Wyola 

Shutesbury 

07/13/78 

4.0 

7.0 

93056 

Pillings  Pond 

Lynnfield 

04/28/77 

5.0 

5.5 

95113 

Noguochoke  Lake 
(Middle) 

Dartmouth 

08/06/79 

5.0 

5.7 

42064 

Webster  Lake 

Webster 

07/01/76 

5.0 

5.8 

81054 

Harbor  Pond 

Town send 

06/07/84 

5.0 

5.9 

97019 

Duarte  Pond 

Oak  Bluffs 

02/17/76 

5.0 

6.0 

36084 

Lake  Lorraine 

Springfield 

08/07/78 

5.0 

6.0 

82124 

Nutting  Lake 
(West  Basin) 

Billerica 

01/29/86 

5.0 

6.3 

81034 

Eagle  Lake 

Holden 

04/23/79 

5.0 

6.3 

42018 

Gore  Pond 

Dudley 

06/23/76 

5.0 

6.3 

42053 

Slaters  Pond 

Oxford 

06/22/76 

5.0 

6.3 

TABLE  3 


CONTINUED 


PALIS 
NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 

SURVEYED 

ALKALINITY 
(ma/1) 

pH 
( Standard 
Units) 

82120 

Whitehall  Reservoir 

Hopkinton 

08/25/83 

5.0 

6.3 

42024 

Hayden  Pond 

Dudley 

06/30/87 

5.0 

6.5 

81082 

McTaggarts  Pond 

Fitchburg 

07/19/79 

5.0 

6.5 

81098 

Partridge  Pond 

Westminster 

08/29/79 

5.0 

6.5 

36150 

Sugden  Reservoir 

Spencer 

04/23/80 

5.0 

6.5 

95093 

Little  West  Pond 

Plymouth 

08/05/87 

5.0 

6.5 

94114 

Oldham  Pond 

Pembroke 

07/16/80 

5.0 

6.6 

96012 

Bearse  Pond 

Barnstable 

08/03/83 

5.0 

6.7 

96039 

Cliff  Pond 

Brewster 

07/29/80 

5.0 

6.7 

35023 

Ellis  Pond 

At  hoi 

08/08/79 

5.0 

6.7 

97054 

Menemsha  Pond 

Gay  Head 

12/14/76 

5.0 

6.7 

42042 

Peter  Pond 

Dudley 

08/06/87 

5.0 

6.8 

36092 

Lake  Mattawa 

Orange 

06/18/75 

5.0 

6.8 

96279 

Scargo  Lake 

Dennis 

08/24/82 

5.0 

6.8 

72035 

Echo  Lake 

Mil ford 

07/25/78 

5.0 

7.3 

36052 

Diamond 

International 

Impoundment 

Palmer 

08/19/80 

5.0 

7.5 

34073 

Porter  Lake 

Springfield 

08/15/79 

5.0 

7.5 

35034 

Kendall  Pond 

Gardner 

09/11/79 

5.5 

5.9 

TABLE  4.  List  of  ponds  on  PALIS  database  with  an  in-lake  total  alkalinity  value  equal 
to  or  greater  than  6.0  mg/1  and  less  than  or  equal  to  10.0  mg/1  measured  on 
at  least  one  occasion. 


PALIS 

DATE 

ALKALINITY 

PH 
(Standard 

NUMBER 

NAME  OF  LAKE 

TOWN 

SURVEYED 

(ma/1) 

Units) 

96184 

Long  Pond 

Barnstable 

08/15/83 

6.0 

5.2 

36082 

Long  Pond 

Rutland 

06/13/84 

6.0 

5.4 

34096 

Venture  Pond 

Springfield 

08/11/87 

6.0 

5.6 

95096 

Long  Pond 

Plymouth 

08/01/84 

6.0 

5.6 

36173 

White  Pond 

Rutland 

06/13/84 

6.0 

5.6 

95171 

Noquochoke  Lake 
(North) 

Dartmouth 

08/06/79 

6.0 

5.7 

42055 

Stiles  Reservoir 

Spencer 

07/05/83 

6.0 

5.7 

36061 

Five  Mile  Pond 

Springfield 

08/07/78 

6.0 

6.2 

35097 

Wheelers  Pond 

Warwick 

09/18/79 

6.0 

6.3 

35052 

North  Spectacle 
Pond 

New  Salem 

08/30/79 

6.0 

6.4 

72030 

silver  Lake 

Newton 

02/05/80 

6.0 

6.4 

35078 

South  Athol  Lake 

Athol 

08/07/79 

6.0 

6.4 

96050 

Crystal  Lake 

Orleans 

08/02/82 

6.0 

6.5 

96157 

Johns  Pond 

Mashpee 

08/13/80 

6.0 

6.5 

82071 

Little  Pond 

Bolton 

06/12/79 

6.0 

6.5 

34051 

Metacomet  Lake 

Belchertown 

08/31/78 

6.0 

6.5 

82061 

Hopkinton  Reservoir 

Ashland/ 
Hopkinton 

06/22/88 

6.0 

6.6 

41008 

Cedar  Pond 

Sturbridge 

04/17/80 

6.0 

6.6 

42067 

Clara  Barton  Pond 

Oxford 

08/30/82 

6.0 

6.6 

96146 

Hoxie  Pond 

Sandwich 

08/12/80 

6.0 

6.6 

42043 

Pierpoint  Meadow 
Pond 

Dudley 

08/31/83 

6.0 

6.6 

31008 

Cranberry  Pond 

Tolland 

08/01/79 

6.0 

6.7 

96106 

Goose  Pond 

Chatham 

07/30/80 

6.0 

6.7 

35048 

Moore s  Pond 

Warwick 

09/24/79 

6.0 

6.7 

31004 

Big  Pond 

Otis 

07/30/79 

6.0 

6.8 

35021 

Dunn  Pond 

Gardner 

09/13/79 

6.0 

6.8 

TABLE  4 


CONTINUED 


PALIS 

NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
fma/l> 

pH 
( Standard 
Units) 

31027 

Otis  Reservoir 

Otis 

07/31/79 

6.0 

6.8 

35098 

white  Pond 

Athol 

08/07/79 

6.0 

6.8 

32076 

Windsor  Pond 

Windsor 

08/09/78 

6.0 

6.8 

94057 

Halfway  Pond 

Plymouth 

06/26/84 

7.0 

5.3 

32040 

Hammond  Pond 

Goshen 

08/10/78 

7.0 

6.2 

95088 

Little  Long  Pond 

Plymouth 

06/27/84 

7.0 

6.3 

36130 

Quaboag  Pond 

Brookf ield 

02/10/75 

7.0 

6.3 

92038 

Martins  Pond 

North  Reading 

04/21/87 

7.0 

6.4 

84053 

Peters  Pond 

Dracut 

06/28/79 

7.0 

6.5 

81107 

Putnam  Pond 

Fitchburg 

07/19/79 

7.0 

6.5 

62001 

Ames  Long  Pond 

Taunton 

08/17/87 

7.0 

6.5 

95170 

Noguochoke  Lake 
(South) 

Dartmouth 

08/06/79 

7.0 

6.7 

81017 

Chaffin  Pond 

Holden 

06/28/77 

7.0 

6.8 

36131 

Quacumguasit  Pond 

Brookf ield 

10/21/74 

7.0 

6.8 

51009 

Bell  Pond 

Worcester 

06/05/79 

7.0 

6.9 

42049 

Sargent  Pond 

Leicester 

07/09/87 

7.0 

7.0 

92063 

Stiles  Pond 

Boxford 

09/14/78 

7.0 

7.0 

72126 

Walker  Pond 

Waltham 

07/20/78 

7.0 

7.4 

35007 

Bents  Pond 

Gardner 

09/19/79 

7.5 

6.3 

31027 

Otis  Reservoir 

Otis 

08/16/88 

8.0 

5.3 

62218 

Monponsett  Pond 
(East) 

Halifax 

08/03/82 

8.0 

5.4 

36155 

Thompsons  Pond 

Spencer 

06/12/84 

8.0 

5.5 

74025 

Whitmans  Pond 

Weymouth 

03/16/81 

8.0 

6.3 

36171 

Red  Bridge 
Impoundment 

Ludlow 

04/25/77 

8.0 

6.5 

36023 

Brooks  Pond 

North 
Brookf ield 

08/10/83 

8.0 

6.6 

62166 

Lake  Sabbatia 

Taunton 

08/25/80 

8.0 

6.6 

51091 

Manchaug  Pond 

Douglas 

06/06/77 

8.0 

6.6 

TABLE  4 


CONTINUED 


PALIS 

NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
(ma/ll 

pH 
( Standard 
Units) 

62119 

Monponsett  Pond 
(West) 

Halifax 

08/03/82 

8.0 

6.7 

32054 

Norwich  Pond 

Huntington 

08/09/78 

8.0 

6.7 

84017 

Frye  Pond 

Haverhill 

07/28/83 

8.0 

6.8 

36162 

Ware  Impoundment 

Ware 

07/15/80 

8.0 

6.8 

36115 

Graves  Brook 
Reservoir 

Palmer 

07/12/84 

8.0 

6.9 

41046 

Sherman  Pond 

Brimfield 

07/01/76 

8.0 

6.9 

36020 

Brigham  Pond 

Hubbardston 

07/02/79 

8.0 

7.0 

51152 

Singletary  Pond 

Sutton 

08/31/77 

8.0 

7.0 

93014 

Chebacco  Lake 

Hamilton 

06/29/81 

8.0 

7.1 

82011 

Boons  Pond 

Stow 

07/17/79 

8.0 

7.5 

84002 

Lake  Attitash 

Ames bury 

03/09/78 

9.0 

5.8 

51109 

Mumford  River 
Impoundment 

Douglas 

08/16/84 

9.0 

5.9 

82003 

Ashland  Reservoir 

Ashland 

07/02/81 

9.0 

6.0 

36066 

Hardwick  Pond 

Hardwick 

08/04/81 

9.0 

6.0 

36079 

Lake  Lashaway 

North 
Brookfield 

10/22/80 

9.0 

6.2 

96324 

Upper  Mill  Pond 

Brewster 

09/01/87 

9.0 

6.4 

31026 

Noyes  Pond 

Tolland 

07/30/79 

9.0 

6.4 

81007 

Bare  Hill  Pond 

Harvard 

08/03/78 

9.0 

6.6 

36040 

Cranberry  Meadow 
Pond 

Charlton 

06/04/84 

9.0 

6.6 

62198 

Turnpike  Lake 

Plainville 

06/27/79 

9.0 

6.6 

96188 

Lower  Mill  Pond 

Brewster 

09/01/81 

9.0 

6.7 

51010 

Brierly  Pond 

Millbury 

06/05/79 

9.0 

6.7 

36032 

Chicopee  Falls 
Impoundment 

Chicopee 

08/26/80 

9.0 

6.8 

35089 

Tully  Pond 

Orange 

09/20/79 

9.0 

6.9 

62213 

Winnecunnet  Pond 

Norton 

06/05/80 

9.0 

6.9 

TABLE  4.   CONTINUED 


PALIS 
NUMBER 

NAME  OF  LAKE 

TOWN 

DATE 
SURVEYED 

ALKALINITY 
(ma/1) 

pH 

( standard 
Units) 

32060 

Rudd  Pond 

Becket 

06/21/78 

9.0 

7.0 

81132 

Spectacle  Pond 

Lancaster 

09/10/87 

9.0 

7.2 

96004 

Ashumet  Pond 

Mashpee 

08/13/80 

9.0 

7.2 

32079 

Yokum  Pond 

Becket 

06/21/78 

9.0 

7.2 

21029 

East  Indies  Pond 

New 
Marlborough 

08/23/78 

9.0 

7.3 

34047 

Lower  Highland  Lake 

Goshen 

07/12/78 

9.0 

7.3 

36056 

Eames  Pond 

Paxton 

06/12/84 

10.0 

5.5 

36093 

Minechoag  Pond 

Ludlow 

09/14/87 

10.0 

5.8 

36073 

Howe  Pond 

Spencer 

06/14/84 

10.0 

6.0 

82088 

Nutting  Lake  (East) 

Billerica 

12/19/83 

10.0 

6.3 

84012 

Flint  Pond 

Tyngsborough 

04/11/77 

10.0 

6.6 

62166 

Lake  Sabbatia 

Taunton 

08/10/88 

10.0 

6.6 

36094 

Mona  Lake 

Springfield 

08/08/78 

10.0 

6.7 

36083 

Long  Pond 

Springfield 

08/08/78 

10.0 

6.8 

42058 

Texas  Pond 

Oxford 

07/29/74 

10.0 

6.8 

35008 

Bourn-Hadley  Pond 

Templeton 

09/24/79 

10.0 

6.9 

84033 

Long  Sought-for  Pond 

Westford 

06/25/74 

10.0 

6.9 

36166 

Wickaboag  Pond 

West 
Brookfield 

07/16/74 

10.0 

6.9 

42019 

Granite  Reservoir 

Charlton 

07/30/74 

10.0 

7.1 

95129 

Sassaguin  Pond 

New  Bedford 

06/12/80 

10.0 

7.1 

61006 

South  Watuppa  Pond 

Fall  River 

10/24/74 

10.0 

7.1 

81164 

Bower  Springs  Pond 
(East) 

Bolton 

08/21/79 

10.0 

7.2 

36083 

Long  Pond 

Springfield 

08/05/87 

10.0 

9.3 

21005 

Ashmere  Lake 

Hinsdale 

08/16/83 

10.0 

*** 

***  Missing  data 
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WATER  QUALITY  PROTECTION 
BT  MUNICIPAL  WASTEWATER  TREATMENT  FACILITIES 

PROM:   WATER  ENVIRONMENT  &  TECHNOLOGY,  JUNE  1991 

INTRODUCTION 

The  increase  in  public  awareness  of  and  concern  about  environmental  problems  was 
reflected  in  the  passage  of  new  and  stronger  legislation  to  ensure  clean  water 
beginning  in  the  mid  1960's.  A  key  component  of  that  effort  was  the  U.S. 
Environmental  Protection  Agency's  (EPA)  Construction  Grants  Program  which 
provided  federal  funds  to  augment  state  and  local  resources  to  build  municipal 
wastewater  treatment  facilities  throughout  the  nation.  The  program  is  now  in 
transition  from  grants  to  loans  and  so  it  is  appropriate  to  assess  the  impacts 
on  water  quality  that  have  resulted  from  this  major  construction  program. 
Another  reason  is  simply  to  assess  what  has  been  accomplished  through  this  large 
expenditure  of  resources  (approximately  $2.5  billion  in  federal,  state  and  local 
funds  in  Massachusetts  alone  since  1967).  Great  strides  have  been  made  in  the 
control  of  conventional  pollutants.  These  pollutants  are  defined  as  solids, 
bacteria,  aesthetic  factors  and  organic  material  in  sewage  components  that  are 
metabolized  by  bacteria  resulting  in  the  consumption  of  oxygen.  This  last 
parameter  is  described  as  biochemical  oxygen  demand  or  BOD.  However,  the 
documentation  of  actual  instream  improvements  is  scattered  and  difficult  to 
access.  This  paper  provides  an  insight  into  these  control  efforts  and  their 
effects  on  water  quality  in  one  state,  the  Commonwealth  of  Massachusetts. 

OVERVIEW 

There  has  been  a  concern  that  while  EPA  could  demonstrate  a  reduction  in  loads 
from  municipal  sources  (e.g.,  (1))  as  a  result  of  publicly  owned  treatment  works 
(POTWs)  built  through  the  Construction  Grants  Program,  the  agency  could  not 
demonstrate  a  subsequent  improvement  in  water  quality.  Also,  the  General 
Accounting  Office  (GAO)  has  questioned  the  effectiveness  of  wastewater  treatment 
in  some  cases  (2).  In  a  later  publication  (3),  the  GAO  listed  four  questions  that 
need  to  be  addressed  in  order  to  evaluate  the  impacts  of  POTWs  on  water  quality. 
The  four  questions  are:  1.  Did  upgrading  the  sewage-treatment  plant  decrease  the 
amount  of  pollutants  that  it  discharged?  2 .  Did  water  quality  improve  downstream 
from  the  sewage-treatment  plant?  3.  Is  there  a  relationship  between  changes  in 
a  plant's  effluent  and  changes  in  stream  water-quality  indicators?  and  4.  Can 
other  reasonable  explanations  of  a  stream's  water  quality  be  excluded?  These 
questions  represent  an  ideal  which  is  often  difficult  to  attain.  However,  even 
if  all  the  questions  can  not  be  addressed  in  a  completely  rigorous  fashion, 
reasonable  evaluations  can  be  made.  The  purpose  of  this  paper  is  to  illustrate 
that  data  do  exist  to  demonstrate  that  POTWs  have  improved  water  quality  although 
these  data  may  not  be  readily  accessible  in  published  literature. 

Shortly  after  the  establishment  of  the  Massachusetts  Division  of  Water  Pollution 
Control  (MDWPC)  in  1966,  several  fixed  water  quality  monitoring  stations  were 
established  in  cooperation  with  the  United  States  Geological  Survey  (USGS). 
Monitors  were  located  on  six  rivers  (Blackstone,  Connecticut,  Hoosic,  Merrimack, 
Nashua,  and  Quinebaug)  at  points  near  state  borders  or  near  the  mouth  of  the 
rivers  as  depicted  in  Figure  1.  The  objective  was  to  monitor  water  quality  in 
selected  rivers  as  they  left  the  state  or  entered  the  ocean.  Rivers  with  major 
industrial  and  municipal  discharges  were  chosen,  in  part,  to  track  the 
improvement  in  the  water  quality  at  the  time  when  the  new  and  vigorous  water 
pollution  control  program  was  being  initiated  on  a  nationwide  basis.  This  paper 
compares  water  quality,  as  measured  by  these  monitors,  before  and  after  major 
wastewater  treatment  facilities  were  completed. 
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FIGURE   I 

Location  of  Monitors   and  POTWs  in  the 
Commonwealth  of   Massachusetts 

DRAINAGE    BASINS 


+    POTW 

•   Water  Quality  Monitor 


DRAINAGE  BASINS 


1  HUDSON 

2  HOUSATONIC  6  TAUNTON- MT.  HOPE   BAY 

3  CONNECTICUT  7  BOSTON 

4  QUINEBAUG    FRENCH  8  MERRIMACK 

5  BLACKSTONE-TEN  MILE  9  COASTAL 
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industrial  and  municipal  discharges  were  chosen,  in  part,  to  track  the 
improvement  in  the  water  quality  at  the  time  when  the  new  and  vigorous  water 
pollution  control  program  was  being  initiated  on  a  nationwide  basis.  This  paper 
compares  water  quality,  as  measured  by  these  monitors,  before  and  after  major 
wastewater  treatment  facilities  were  completed. 

DESCRIPTION  OF  PROGRAM 

The  water  quality  monitoring  stations  were  located  on  the  banks  of  the  various 
rivers.  Water  was  pumped  from  the  river  to  flush,  and  then  fill  wells  within  the 
stations  on  an  hourly  regimen.  Electrodes  in  the  wells  measured  pH,  temperature, 
conductivity  and  dissolved  oxygen.  After  the  measurements  were  completed,  the 
water  was  drained  back  into  the  river.  Data  were  punched  onto  paper  tape  which 
was  retrieved  periodically  and  later  decoded  electronically  and  entered  into  the 
USGS  computer.  Summaries  of  the  data  appeared  in  the  annual  Water  Resources 
Reports  published  by  USGS. 

Monitors  were  visited  on  a  routine  basis  to  service  and  calibrate  the  instru- 
ments. The  electrode  that  measured  dissolved  oxygen  often  fouled  or  malfunc- 
tioned between  servicing  thus  causing  gaps  in  the  data  records.  Nevertheless, 
a  substantial  body  of  data  was  collected  on  this  important  parameter. 

Some  stations  were  removed  from  service  because  of  recurrent  vandalism  and 
ultimately  the  surviving  four  stations  ceased  operation  in  1980  when  the  federal 
government  decided  not  to  fund  its  portion  of  the  operating  costs  because  of 
budgetary  constraints.  Unfortunately,  this  was  also  the  time  when  many  of  the 
water  pollution  control  facilities  planned  in  the  late  1960 's  and  early  1970 's 
were  just  coming  on  line.  Thus,  while  a  relatively  long  record  of  the  "before" 
conditions  was  documented,  a  much  shorter  duration  of  "after"  conditions  is 
available.  Nevertheless,  the  existing  data  records  do  illustrate  the  early 
progress  made  through  the  massive  water  quality  improvement  efforts  begun  in  the 
I960' s.  The  remainder  of  this  discussion  focuses  on  the  comparison  of  the  before 
and  after  conditions  as  documented  by  the  monitors. 

Of  the  four  parameters  measured,  dissolved  oxygen  (D.O.)  is  the  simplest  to 
compare  to  water  quality  standards.  A  classic  indication  of  the  impact  of 
excessive  wastewater  in  rivers  is  depressed  concentrations  of  dissolved  oxygen. 
Low  D.O.  can  stress  or  even  kill  aquatic  life  depending  upon  the  extent  and 
magnitude  of  D.O.  depletion  and  species  sensitivity.  The  minimum  standard  in 
Massachusetts  for  fresh  warm  water  is  5  mg/L  D.O.  For  the  purposes  of  this 
analysis,  any  time  the  D.O.  concentration  fell  below  this  value,  it  was  judged 
a  violation  of  water  quality  standards.  Technically,  there  are  some  exceptions 
to  this  simple  definition  of  a  violation  of  the  D.O.  standard.  Excursions  below 
5  mg/L  due  to  natural  causes  are  not  considered  to  be  violations  of  standards; 
also,  standards  do  not  apply  when  stream  flow  falls  below  a  certain  value  (the 
average  flow  for  seven  consecutive  days  expected  to  occur  once  every  ten  years; 
this  is  denoted  7Q10).  Additionally,  according  to  EPA  guidance,  occasional 
excursions  of  parameters  beyond  the  set  criteria  may  not  be  a  violation  of 
standards  if  uses  are  not  impaired.  EPA  has  defined  fully  supporting  designated 
uses  relative  to  criteria  as:  "For  all  pollutants,  criteria  (not  met)  in  <  10% 
of  measurements  and  mean  of  measurements  is  less  than  criteria."  Another  EPA 
restriction  is  that  pollutants  not  be  "found  at  levels  of  concern."  (4)  All  of 
these  caveats  were  ignored  in  this  analysis  and  every  excursion  below  5.0  mg/L 
D.O.  was  considered  a  violation. 

One  of  the  basic  reasons  for  providing  wastewater  treatment  is  to  remove  suf- 
ficient amounts  of  oxygen  demanding  waste  (biochemical  oxygen  demand  or  BOD)  to 
ensure  that  the  dissolved  oxygen  concentration  in  the  receiving  waters  is  main- 
tained at  no  less  than  5  mg/L,  for  flows  at  or  above  7Q10. 
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The  means  generally  employed  to  reduce  the  oxygen  demanding  material  is 
biologically  based  and  essentially  confines  within  the  controlled  environment  of 
a  wastewater  treatment  plant  the  degradation  process  which  would  otherwise  occur 
naturally  in  streams  .  In  addition  to  removing  BOD,  municipal  wastewater 
treatment  plants  are  designed  to  reduce  floating  material,  solids  that  settle, 
and  infectious  agents  (bacteria  and,  to  a  lesser  extent,  virus)  through 
disinfection.  It  should  be  noted  that  municipal  treatment  plants,  in  nearly  all 
cases,  remove  toxic  substances,  such  as  metals  or  PCB's  only  incidentally  as  part 
of  the  treatment  process.  Often  these  toxic  substances  reside  in  the  sludge  or 
solid  fraction  removed  from  the  wastewater.  The  presence  of  such  contaminants 
in  sludge  can  make  its  beneficial  use,  such  as  composting  for  recycling  difficult 
or  impossible.  Of  all  the  parameters  reduced  by  treatment  facilities,  the  one 
often  with  the  greatest  impact  on  the  water  column  is  BOD. 

Thus,  the  history  of  dissolved  oxygen  in  stream  water  below  municipal  wastewater 
discharges  is  not  only  a  direct  measure  of  water  quality,  but  also  is  a  surrogate 
for  other  water  quality  parameters. 

DATA  RECORDS 

Data  from  automatic  monitors  on  the  Connecticut,  Hoosic,  Quinebaug,  and 
Blackstone  rivers  are  presented  in  Figures  2-5.  Each  figure  shows  the  days  of 
record  from  June  through  October  for  each  year;  if  the  minimum  D.o.  value  on  any 
day  went  below  5  mg/1,  it  was  counted  as  a  day  of  violation.  Selected  records 
from  November  through  May  were  examined.  No  violations  of  D.O.  were  observed; 
this  is  attributed  to  colder  temperatures  (which  causes  slower  decomposition  of 
organic  material  and  higher  solubility  of  oxygen)  and  higher  flows  (more  dilution 
and  reaeration) .  Thus,  the  percentage  of  violations  is  based  not  on  a  full 
annual  record,  but  on  a  five  (5)  month  portion  of  the  year  according  to  the 
following  ratio: 

Days  of  Violation/Days  of  Record 

The  days  of  record  are  the  number  of  days  between  June  1  and  October  31  for  which 
valid  data  were  recorded.  On  a  yearly  basis,  the  percentage  of  days  exhibiting 
a  violation  would  be  much  less. 

Each  monitor  was  located  below  one  or  more  publicly  owned  wastewater  treatment 
works  (POTW) .  Between  1970  and  1980,  each  discharge  received  additional  treat- 
ment or,  in  the  case  of  Adams,  on  the  Hoosic  River,  treatment  for  the  first  time 
ever.  While  some  of  the  discharges  remain  below  their  design  flows  and  loadings, 
all  plants  were  designed  to  meet  the  5  mg/L  criterion  for  D.O.  based  on  river 
flows  at  or  above  the  7Q10  value.  The  present  comparison  is  made  in  this 
context . 

Because  the  installation  of  a  new  treatment  plant  represents  a  quantum  change 
(i.e.,  a  discontinuity),  it  makes  more  sense  to  compare  the  data  before  and  after 
the  event  as  two  populations  or  groups,  than  to  analyze  the  data  for  a  trend 
based  on  a  time  series  analysis.  Because  most  plants  start  at  well  below  their 
design  capacities  and  gradually  increase,  it  would  make  sense  to  analyze  a  long 
record  of  "after"  data  for  any  trend  in  the  frequency  of  D.O.  violations.  As 
mentioned  previously,  however,  the  continuous  monitors  are  no  longer  in  place. 
Monitoring  is  conducted  by  the  Massachusetts  Division  Water  Pollution  Control 
(MDWPC)  through  either  intensive  or  synoptic  surveys  approximately  every  five 
years . 

Thus,  data  from  the  monitors  were  divided  into  two  groups.  The  actual  year 
marking  the  border  between  before  and  after  data  changes  from  case  to  case 
depending  on  when  full  operation  of  POTWs  was  judged  to  be  achieved.  Data  prior 
to  that  date  represent  the  "before"  situation  while  data  subsequent  to  that  date 
are  the  "after"  situation.  The  objective  was  to  determine  whether  the  average 
number  of  monthly  violations,  represented  by  the  percentage  of  days  of  record 
during  each  month  on  which  D.o.  fell  below  5  mg/L,  was  higher  for  the  before  data 
than  for  the  after  data.  The  monthly  average  of  violations  was  determined  as  a 
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percentage  of  the  days  of  record  in  order  to  minimize  the  impact  of  varying 
lengths  of  record  from  month  to  month.  The  before  and  after  data  sets  for  each 
site  were  compared  using  the  Student  t  test. 

Of  the  six  data  sets,  four  had  long  enough  records  to  be  divided  into  "before" 
and  "after."  (Initially,  the  Merrimack  was  included  but  in  reviewing  its 
information,  the  after  case  would  have  consisted  of  at  most  one  year  which  was 
judged  too  short  a  record  to  be  reliable.)  In  all  cases,  more  than  one  POTW  has 
been  built  upstream  of  the  monitoring  station,  so  changes  can  not  be  attributed 
to  an  individual  plant.  However,  the  data  can  be  grouped  approximately  to 
reflect  the  two  sets  of  conditions  -  the  early  period  in  which  treatment  was 
absent  or  inadequate  and  the  later  period  in  which  treatment  had  improved 
substantially  through  the  construction  of  new  or  upgraded  POTWs.  In  the  four  (4) 
cases  for  which  the  records  can  be  divided,  the  violations  in  the  after  group 
were  dramatically  and  significantly  (>95%  confidence)  lower  than  in  the  before 
group,  as  presented  in  Table  I.  These  findings  are  consistent  with  data  from 
intensive  surveys  conducted  by  the  MDWPC  during  the  period  1964  to  1989  as 
presented  in  Figures  6-9.  Dissolved  oxygen  concentrations  for  survey  sampling 
stations  near  the  monitors  were  reviewed  and  analyzed  in  a  manner  similar  to  that 
used  in  evaluating  the  data  from  the  monitors.  While  the  total  number  of  days 
on  which  data  were  collected  are  few,  the  lower  frequency  of  D.O.  violations 
subsequent  to  the  operation  of  new  or  upgraded  wastewater  treatment  facilities 
accords  well  with  the  decrease  noted  in  the  more  rigidly  analyzed  data  from  the 
monitors.  These  data  support  the  decisions  made  about  the  level  of  treatment 
required  for  the  various  discharges  to  maintain  water  quality.  Thus,  not  only 
have  waste  loads  been  reduced  (see  for  example,  Reference  1)  as  acknowledged  by 
the  GAO,  but  also  there  has  been  a  measurable  improvement  in  water  quality  in 
these  streams. 

While  modest  in  scope,  this  analysis  is  a  striking  example  of  improved  stream 
water  quality  in  Massachusetts  as  a  result  of  new  and  improved  wastewater 
treatment  facilities  constructed  with  local,  state,  and  federal  funds. 
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TABLE  I 

Average  Monthly  Violations  of  D.O.  Criterion  (5  ng/L) 
Before  and  After  New/ Unproved  Wastewater  Treatment 


BLACKSTONE 


CONNECTICUT 
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QUINEBAUG 


PRE 


POST 


PRE 


POST 


PRE 


POST 


PRE 


POST 


FROM: 

1969 

1978 

1969 

1974 

1969 

1978 

1969 

1978 

TO: 

1977 

1980 

1973 

1980 

1977 

1980 

1977 

1980 

X* 

81.4 

22.0 

21.8 

6.2 

30.7 

2.6 

45.8 

4.5 

S.D.+ 

31.4 

24.8 

31.7 

14.3 

29.9 

4.7 

36.6 

11.5 

n** 

39 

14 

27 

27 

33 

15 

44 

15 

D.F.*+ 

38 

13 

26 

26 

32 

14 

43 

14 

t+*  6.58 


SIG*++ 


YES 


2.46 


YES 


5.10 


YES 


6.59 


YES 


+ 
** 

++ 

*+ 

*++ 


Average  monthly  percentage  of  daily  violations  June-October  (May-October 
for  the  Connecticut  River) 

Standard  deviation 

Number  of  monthly  averages 

Student's  t  Statistic 

Degrees  of  Freedom  (n-1) 

Significant  §  >  95%  Confidence 
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